Energization is the process of initiating and sustaining a response over time. It has been described as one of three key "supervisory" attentional control processes associated with the frontal lobes. Attentional mechanisms, such as energization, are critical for a range of cognitive functions, such as spontaneous speech and other higher-order tasks. We aimed to investigate the process of energization in a case series of patients with progressive supranuclear palsy (PSP). Patients with a diagnosis of PSP (N = 5), patient controls with a neurodegenerative condition (Alzheimer's disease N = 3, frontotemporal dementia N = 2) and healthy older adult controls (N = 30) were assessed on a standard neuropsychological battery, including executive tasks and standard attention and language tests. Energization was investigated using word fluency tasks, samples of spontaneous speech and an experimental button-pressing concentration task. Response rates for the word fluency, spontaneous speech and concentration tasks were separated into time periods, in order to compare response rates at different points across the tasks (e.g., first 15 s vs. last 45 s in a 60 s task). Four PSP patients showed a clear response pattern indicative of a decrease in energization. Healthy and patient controls remained consistent in their responding over time. Understanding how these underlying processes are impaired in PSP can ultimately inform intervention and management strategies, and has theoretical implications for models of spoken language production.
Introduction
Energization is the attentional process of initiating and sustaining a response over time Stuss and Alexander, 2007; Stuss, 2011) . Energization is necessary for the activation of responses in the absence of external input, and is a key attentional process associated with the frontal lobes (Shallice et al., 2008a; Stuss, 2011) . It has been suggested that energization is a cognitive process critical for the production of spoken language (Alexander, 2006) , and recently energization has been linked to a severe spontaneous speech reduction in a patient with progressive supranuclear palsy (PSP) . Thus, the current study aims to investigate energization and spontaneous speech in a case series of patients with PSP. impaired could be captured by seven basic task types: sustaining attention, concentrating attention, sharing attention, suppressing attention, switching attention, preparing attention and setting attention. However, acknowledging that tasks do not necessarily map directly onto cognitive processes, Stuss and Alexander (2007) provided evidence for a triad of anatomically and functionally discrete but related frontal "supervisory" attentional processes: energization, task-setting and monitoring. Standing in contrast to the notion of a "central executive" system, these domain-general component processes were argued to subserve executive functions via attentional control.
Energization
Energization is the attentional process that underpins the initiation and sustaining of a response over time, in the absence of external cues. For a "supervisory" operation to be carried out, a response or "action schema" needs to become activated . This initial activation may be elicited by a salient external cue, or internally generated via the process of energization. Regardless, the selected schema would lose activation over time (i.e. seconds; Shallice and Cipolotti, 2018) . Consequently, top-down boosting would be required to maintain activation of action schemas: energization is required to maintain activation over time. Therefore, this system of internal energization is 1) required to initiate executive or "supervisory" operations not directly elicited by external cues, and 2) allows the maintenance of concentration on a particular task (Shallice and Cipolotti, 2018) . If the process of energization is defective, the initiation of responses cannot be sustained, resulting in slowed responding after initially satisfactory performance, or faltered responding over time. Clinically, patients with energization deficits appear to begin tasks well but then "run out of steam" (e.g., Robinson et al., 2015) . Family members tend to report that these patients do not initiate conversations, although they are able to respond to direct questions (see Section 1.3 for further explanation of energization as it relates to language production). The importance of internally generated responses is pertinent here, as energization is not necessarily required for responses that are directly elicited from salient external cues . It can be conceptualised, alongside monitoring, as a component process of sustained attention, which is the ability to focus on and maintain attention for prolonged periods of time (MacPherson et al., 2010; Robertson et al., 1996) . Shallice et al. (2008a) commented that the energization system may be akin to the "cognitive effort" system proposed by Hockey (1993) . Recently, Shallice and Cipolotti (2018) described energization as "the material substrate of volition and the basis of concentration" (p. 166).
Energization impairments have been associated with lesions of the bilateral superior medial frontal lobes (e.g., Alexander et al., 2005; Picton et al., 2007; Shallice et al., 2008a Shallice et al., , 2008b Stuss et al., 2005) , although there is some evidence for an increased contribution of the right hemisphere . These studies exclusively include patients with focal prefrontal lesions. The process of energization has been discussed in relation to slowed reaction times on various attention tasks, including but not limited to task switching (Shallice et al., 2008b) , response inhibition (Picton et al., 2007) , and sustained attention (Shallice et al., 2008a) . However, Stuss and Alexander (2007) describe how a task of concentrating attention, reported by Alexander et al. (2005) , most plainly illustrates energization deficits. This task, which is now included in the Rotman-Baycrest Battery to Investigate Attention (RoBBIA: Concentrate task), is a simple serial five-choice task. It requires high levels of concentration, as respondents are required to switch off lamps when they illuminate, as quickly as possible, continuously for several minutes. Alexander et al. (2005) reported that patients with damage to the superior medial area, including the anterior cingulate gyrus, the supplementary motor area and the presupplementary motor area, showed significant slowing in their reaction times compared to other frontal groups and controls. This slowing was evident from the beginning of the task across all 500 trials and thus not attributable to fatigue. Furthermore, by comparing between frontal lesion patient groups the authors were able to isolate the deficit as one of energization. We opted to use this task in the current study due to the clarity with which it demonstrates energization deficits.
In the neuropsychological literature, energization deficits have been linked to performance on fluency tasks. Word fluency is the most common of these tasks, and is a standard neuropsychological test of executive function. In a word fluency task, the subject is asked to say aloud as many words in one minute that either begin with a particular letter of the alphabet (e.g., S: phonemic fluency) or belong to a category (e.g., animals: semantic fluency). In word fluency tasks, energization is required in order to continue responding across the one minute time frame, as the cue is only given once at the beginning. Stuss and Alexander (2007) reported that on a phonemic fluency task, only the patients with superior medial frontal lesions produced more words in the first 15 s than the last 45 s. The authors interpreted the steep decline in responding as an energization deficit, as the patients appeared to lack the ability to maintain performance over time, which requires the internal generation of responses in the absence of external cues . Similarly, Robinson et al. (2012) investigated the performance of patients with focal frontal lobe damage on eight verbal and nonverbal fluency tasks. They found that patients with superior medial damage were the only frontal subgroup to be reduced across all fluency tasks, relative to controls (Robinson et al., 2012) . The authors concluded that this was consistent with an energization deficit, and that the superior medial region therefore plays a critical role.
Frontal attentional processes and language
Alexander (2006) suggested that to produce narrative discourse, one must "develop an overall communicative goal or intention, sustain activity to reach that goal, monitor progress to the goal, inhibit intrusions that are not relevant to the goal, and be attentive to the listener's expectations and reactions" (p. 236). He argued that producing narrative discourse is no different to any other complex, goal-directed behaviour requiring the elements of executive function, including key frontal attentional processes. Therefore, disorders of propositional speech (i.e., voluntary, spontaneous speech that includes a novel idea) can be thought of as executive or attentional impairments. The role of Stuss and Alexander's (2007) frontal attentional processes of energization, task-setting and monitoring are clear in the production of narrative speech. For example, the speaker must determine the information that is relevant and appropriate with regard to the context and overall goal (task-setting), initiate a verbal response while sustaining attention to the overall topic and their intention (energization), and continuously monitor whether the content of their speech remains relevant and appropriate (monitoring). If we consider spontaneous speech production as a complex goal directed behaviour requiring executive functions, and attentional processes as a set of component processes that subserve executive function, then, alongside other attentional processes, energization must play a role at the early preverbal stage. Specifically, Alexander (2006) suggested that energization deficits would lead to delayed initiation and pauses, as with each shift of topic "the entire activation, setting and recruitment must occur again" (p. 243). When producing spontaneous speech, for example a narrative (i.e., telling a story), topic shifts would occur every few seconds as new information and details are added to the story. Therefore, even though the full narrative might take several minutes to produce, the process of energization is occurring almost constantly, with every topic shift or new idea inserted. As Alexander (2006) highlighted, the critical executive processes occur within a moving window of a few seconds during spontaneous speech production.
The notion that attention or executive functions play a role in propositional language production is not new. Indeed, Levelt (1989 Levelt ( , 1999 discussed that preverbal cognitive processes allow the speaker to sustain attention to a "discourse focus", and allocate attention to a specific "current focus" of a message to be expressed. This idea was echoed by Sherratt and Bryan (2012) when they suggest that selecting and topicalising a message to be expressed requires the speaker to sustain attention to the conceptual structure, select the necessary information, and simultaneously inhibit irrelevant information. Levelt (1999) highlighted that this occurs during the stage of conceptualisation. Studies employing picture-naming paradigms have demonstrated that executive control processes are recruited when selecting amongst semantically-related representations (Thompson-Schill et al., 1998; Schnur et al., 2005 Schnur et al., , 2009 Jefferies et al., 2007 Jefferies et al., , 2008 . Recently, Barker et al. (2017) demonstrated a link between executive and attentional impairments and the coherence and cohesion of connected speech in stroke patients without aphasia, providing preliminary evidence for the role of non-language processes in speech production. This comprises just a sample of the work that has investigated the role of attentional processes in speech production; it is clear that this is a recurrent theme in the literature.
Energization in dynamic aphasia
The term "frontal dynamic aphasia" was coined by Luria (1970) but previously described by Goldstein (1948) , and is a language output disorder characterised by a profound reduction in spontaneous speech, despite intact articulation and well-preserved core language functions such as naming, reading, repetition and comprehension. To illustrate, healthy adults generally speak at a rate of 150-160 words per minute on average, and patients with dynamic aphasia produce approximately 20, despite intact core language skills . Several patients with frontal dynamic aphasia have been described (e.g., Costello and Warrington, 1989; Cox and Heilman, 2011; Esmonde et al., 1996; Robinson, 2013; Robinson et al., 1998 Robinson et al., , 2005 Robinson et al., , 2006 Snowden et al., 1996; Warren et al., 2003) .
There is evidence for two subtypes of dynamic aphasia (Robinson et al., 2006) . The first is language-based and tends to arise following unilateral left inferior frontal lesions, while the second is domain-general, affects the generation of multiple ideas, and involves bilateral frontal and/or subcortical areas (Robinson et al., 2006) . All cases of dynamic aphasia reported in the context of PSP are more consistent with the second subtype (e.g., Patients 2 & 3 - Esmonde et al., 1996; KAS -Robinson et al., 2006) .
Recently, Robinson et al. (2015) reported the case of WAL, who presented with frontal dynamic aphasia in the context of PSP. WAL's profound reduction in spontaneous speech was attributed to an impairment in idea generation, evident on verbal and non-verbal fluency tasks. The authors highlighted the similarity between the process of idea generation and energization, and claimed that WAL's fluency performance resembled the energization deficits of frontal patients. A comparison between his performance in the shorter initial response time period and the longer last time period (e.g., for 60 s word fluency: first 15 s vs. last 45 s) revealed that he produced a greater number of items in the initial time period. Indeed, across eight verbal and nonverbal fluency tasks, more than 85% of all items generated were produced in the shorter initial response period, indicating that WAL was unable to sustain responding over time in the absence of an external cue. This reflects the pattern reported by Stuss and Alexander (2007) for word fluency in superior medial frontal lesions. Therefore, WAL's markedly reduced spontaneous speech output was attributed to an energization deficit. Thus, the quandary in the dynamic aphasia literature regarding why these patients appear to "run out of ideas" after they initially produce appropriate responses, which is apparent in any task where multiple ideas are required such as fluency or narrative discourse production, may be explained by a deficiency in the process of energization . The stimulus elicits an initial response, but continued responding cannot be maintained over time in the absence of a further stimulus or cue.
Progressive supranuclear palsy
PSP is an atypical parkinsonian degenerative disorder, in which patients typically present with a supranuclear vertical gaze palsy, alongside akinetic rigidity and balance problems. It has an estimated prevalence of approximately 5-7 per 100,000 (Schrag et al., 1999) . Executive dysfunction and language production impairments have been documented in PSP (e.g., Esmonde et al., 1996) . In a recent study, over 90% of PSP patients showed adynamism (i.e., reduced verbal output or spontaneity), and the authors suggested that adynamic speech might be "the most distinctive language symptom and sign in PSP" (p. 713; Burrell et al., 2018) .
There is prominent basal ganglia pathology in PSP (e.g., Burciu et al., 2015) . The basal ganglia and dopaminergic circuits have been implicated in a range of cognitive functions. Indeed, a deficit in dopaminergic activity and frontostriatal dysfunction (i.e., the associative frontostriatal loop) is argued to underlie the executive impairments commonly observed in Parkinson's disease (Obeso et al., 2014) . Furthermore, Levy and Dubois (2006) observed "auto-activation" deficits, which are difficulties in activating or self-initiating thoughts and actions, following lesions to the basal ganglia. They suggested that dysfunction of the basal ganglia results in failed activation of the frontal lobes, particularly when the behaviour is internally driven. The emphasis on self-initiation and internally-driven activation is strikingly similar to the notion of energization. Moreover, this account resembles that of Cox and Heilman (2011) , who attributed the dynamic aphasia of a patient with a left thalamic lesion to a failure of lexico-semantic selfactivation. Levy and Dubois (2006) further highlighted that auto-activation impairments, which occur following basal ganglia lesions, bear resemblance to the deficits observed following direct lesions to the dorsal-medial (i.e., superior medial) prefrontal cortex. This is the region implicated in the process of energization (e.g., Alexander et al., 2005; Robinson et al., 2012) . We would expect the superior medial frontal regions to be impacted in PSP due to basal ganglia dysfunction and faulty dopaminergic circuits connecting the frontal and striatal areas (Alexander et al., 1986; Obeso et al., 2014) or due to generalised bilateral frontal atrophy (Robinson et al., 2006) .
Fewer than ten cases of the second (i.e., domain-general) subtype of dynamic aphasia have been behaviourally investigated, and five of these occurred in the context of PSP (Esmonde et al., 1996; Robinson et al., 2006 Robinson et al., , 2015 . However, by the time the spontaneous speech reduction is so severe that a profile consistent with dynamic aphasia is identified, disease progression is advanced. The current study reports a case series of five patients with PSP, who have a reduction in spontaneous speech output in the context of preserved core language skills; however, on the whole, the degree of reduction (or severity) is milder and insufficient to be considered dynamic aphasia. The investigation of these patients with PSP, who are earlier in their disease progression, allows for a finer-grained understanding of the cognitive changes that may underpin propositional language changes.
Current study
Given the cognitive and language profile of PSP (i.e., executive dysfunction and adynamic speech; Burrell et al., 2018) , alongside the basal ganglia pathology and disturbances in frontostriatal connections, the current study aims to investigate the attentional process of energization in a case series of patients with PSP. Building on the recent case of PSP patient WAL, whose severely reduced spontaneous speech output was attributed to an energization deficit, we aim to explore the relationship between energization and spontaneous speech output in patients with PSP. For this purpose, we will use word fluency tasks, the Concentrate task from the RoBBIA, and spontaneous speech samples. We will compare performance of PSP patients to an age-matched healthy control group, and patient controls with other neurodegenerative conditions (Alzheimer's disease or frontotemporal dementia).
We predict that the performance of healthy and patient controls will remain stable over time in all tasks, reflecting consistent energization. However, we expect that PSP patients will be unable to maintain the same consistency as controls; rather, responding will become slower and more variable over time, reflecting an energization deficit. Specifically, in line with the pattern reported by Stuss and Alexander (2007) and Robinson et al. (2012) , we expect that the pattern of energization will be characterised by a decrease in performance following the initial period of responding.
Method

Participants
Five patients with a primary diagnosis of probable PSP (Litvan et al., 2003; Respondek et al., 2013) by consultant neurologist and movement disorder specialists (J.O. and R.A.) were recruited from the Royal Brisbane and Women's Hospital in Queensland, Australia. Thirty healthy controls, with no history of a neurological or psychiatric disorder, were recruited from the community. The healthy control group comprised 14 males and 16 females. Furthermore, five patients were recruited as patient controls. Three patients met criteria for Alzheimer's disease (AD), and two patients met criteria for the semantic variant of frontotemporal dementia (FTD). All healthy and patient controls were age-matched to the PSP patients (healthy controls: M = 68.3 years, range 60-81 years; patient controls: M = 67.4 years, range 64-75 years). All participants in this study were native English speakers. There were no significant differences in years of education between PSP patients and clinical or healthy controls, both p > .05. All demographic details for PSP patients, patient controls and the healthy control group are provided in Table 1 . This study was approved by the Royal Brisbane and Women's Hospital and the University of Queensland Human Research Ethics Committees.
PSP patient details
Case 1:. RNZ, a 73-year-old right-handed male, was a retired small business owner, with 12 years of formal education and no history of a learning disorder. At the time of testing, RNZ had been retired for 16 years, but had been actively engaged in the share market since. Five years prior to testing a right hand tremor was observed, and some behavioural and personality changes had been noted over the previous 12 months. MR brain revealed a loss of the normal convex upper contour of the midbrain, with a reduction in size (midbrain/pons ratio reduced by~50%) (see Fig. 1 ). Neurological examination resulted in a diagnosis of clinically-developed PSP, but with no related eye movement abnormality. RNZ's spontaneous speech was effortful and mildly hypophonic, although syntax was normal. RNZ lived independently with his wife.
Case 2:. PW, a 67-year-old right-handed female, left school at 14 years of age, and practiced as a nurse until her mid-twenties. She developed gait disturbance from her mid 50 s progressing to shuffling, propulsion ultimately resulting in falls. Neurological examination revealed mild dysarthria, predominantly vertical supranuclear gaze palsy, a reduced blink rate, some trunk and upper limb rigidity and mild bradykinesia with ataxic gait. Her clinical features and inconsistent response to dopaminergic therapy suggested probable PSP-Parkinsonism. MR brain revealed mild deep-white matter hyperintensities, suggestive of chronic small vessel ischaemia without brainstem atrophy. Her speech was hypophonic and effortful, with normal syntax. PW lived alone, mostly independently.
Case 3:. RC, a 79-year-old right-handed female, had completed 10 years of formal education, leaving school at 16 years of age. Her former occupation was in data input (including as a professional typist). Her past medical history was unremarkable. In her mid-late 70 s, she developed a gradual onset of generalised bradykinesia, with early falls. Her husband had noted slowing in her typing skills and delayed initiation of conversation. She exhibited reduced blinking and facial hypomimia, with a "serpentine stare" and frontalis overactivity. There were slow saccades and a partial ophthalmoplegia. She had bradykinesia for finger tapping, without decrement. MR brain showed frontoparietal and midbrain atrophy. Her symptoms were consistent with a diagnosis of probable PSP-Parkinsonism.
Case 4:. BL, a 61-year-old right-handed female, had approximately 17 years of formal education, and was a former nurse. She had retired two years prior. She had a four-year history of memory problems, emotional lability, irritability and micrographia, and two years of stuttering soft speech, slow gait and increasing falls backward. Examination revealed hypophonic palilalic speech, slow vertical saccadic eye movements, neck and trunk rigidity, and rapid small-amplitude repetitive hand and foot movements with mildly ataxic gait. Symptoms of restless legs improved with dopaminergic therapy but her other features did not. MR brain revealed no significant abnormalities, but her clinical features suggested PSP.
Case 5:. KN, a 70-year-old right-handed male, was a former draftsman who left school at the age of 14 years. He developed stuttering rapid speech nine years previously, micrographia one year later then unsteady gait six months previously with gradually increasing falls. He had not improved on dopaminergic treatment. Neurological examination documented severe somewhat alternating blepharospasm, convergence failure and vertical greater than horizontal ophthalmoplegia. He had hypophonic and palilalic speech disturbance with moderate rigidity in his arms and limbs, and rapid but small amplitude repetitive hand movements. He was slow to stand, tending to fall backwards with marked impairment of postural reflexes and ataxic gait. His original diagnosis of Parkinson's disease was revised to PSP. MR brain revealed mild generalised cerebral atrophy without significant changes in the brainstem.
Procedure
Cognitive and language baseline
All baseline and experimental tasks were completed across three or four sessions, which were all completed within a contemporaneous period. The following standard neuropsychological tests were administered to assess baseline cognitive functions: Raven's Advanced Progressive Matrices (APM; Raven, 1976) or the Matrix Reasoning subtest from the Wechsler Abbreviated Intelligence Scale (WASI; Wechsler, 1999) as a measure of nonverbal general intelligence; the National Adult Reading Test (NART; Nelson and Willison, 1991) as an estimate of pre-morbid or crystallised intelligence; Digit Span Forwards and Backwards (WAIS-III, Wechsler, 1997) to assess auditory-verbal attention and working memory; and the Test of Everyday Attention (TEA; Robertson et al., 1996) as a measure of attention, with the Elevator Counting, Elevator Counting with Distraction and Telephone Search Dual Task Decrement subtests assessing sustained, selective and divided attention, respectively. Visuospatial perception was assessed using the Incomplete Letters subtest from the Visual Object and Space Perception Battery (VOSP; Warrington and James, 1991) . Executive functions were assessed using the Hayling Sentence Completion Test (Burgess and Shallice, 1997) and the Stroop test (Stroop Neuropsychological Screening Test: Trenerry et al., 1989, or Victoria Stroop Test: Spreen and Strauss, 1998) . The language baseline included the Synonym Test of single word comprehension (Warrington et al., 1998) , sentence repetition (3-6 words in length; McCarthy and Warrington, 1984) and the Graded Naming Test (McKenna and Warrington, 1980) as a measure of naming ability. The Hospital Anxiety and Depression Scale (HADS; Snaith and Zigmond, 1994) was included as a measure of current mood symptoms.
2.3.2. Energization investigation 2.3.2.1. Word fluency. Fluency tasks have been previously reported to capture energization deficits, as they require sustained activation over time in the absence of input . All participants completed phonemic (letter) and semantic (category) word fluency tasks for one minute each. Phonemic fluency required the generation of as many words as possible beginning with the letter S or F, that were not proper nouns or numbers, and in the semantic fluency task participants were asked to name as many animals as possible. The total number of correct responses was counted; errors were scored as either repetitions or inappropriate responses.
Spontaneous speech tasks.
In order to produce connected speech, energization is required for the speaker to initiate a verbal response while sustaining attention to the topic and communicative intention over time. Two tasks designed to elicit connected speech were administered: a picture-elicited narrative and a self-generated narrative task. The pictorial scene was the Beach Scene from the Queen Square Screening Test for Cognitive Deficits (QSSTCD; Warrington, 1989) , which is a complex picture in which a variety of actions are taking place. Participants were asked to "describe what is happening in this picture" for one minute. In the self-generated narrative task, participants were asked to talk about their favourite holiday, also for one minute. For both tasks, they were instructed to use complete sentences if possible, and begin speaking immediately.
All speech samples were recorded on an Olympus WS-813 digital voice recorder and transcribed in English orthography. Transcriptions included all words, sounds and repeats, and contractions were counted as two words (e.g., don't = do not). Non-words (e.g., "umm" "ahh"), habitual starters (e.g., "okay" "let's see"), questions directed at the examiner (e.g., "is that enough?"), comments on the task (e.g., "this is hard") and words subsequently repaired (e.g. direct repetitions) were not counted in the total number of words. ) is designed to tap energization, as it requires high levels of concentration and continuous responding with minimal external input. It is a serial five-choice reaction time task, carried out on a Serial Response Box (Psychology Software Tools Inc.) and run with E-Prime 2.0 software. The Response Box was used to reduce the variable debounce period that arises from keyboard-based tasks. The Response Box was connected to a Dell Latitude E6230 laptop via the serial port, and was placed on a table in front of the participant at a comfortable distance. The Response Box is fitted with five small circular lamps, aligned horizontally at a distance of 0.5 cm between lamps, with a square button one cm in front of each lamp. One at a time, each lamp illuminates, and the correct response is to switch the lamp off by pressing the corresponding button. When a lamp is switched off, a new lamp becomes illuminated after a delay of 200 ms and so forth. Participants were instructed to respond as quickly as possible. The lamps illuminated in a random order, but the same lamp was never illuminated twice consecutively. Although participants were instructed to minimise errors, the pressing of any button would cause the illuminated lamp to switch off, and therefore they were asked not to correct their mistakes. A practice block of 20 trials preceded the main task, which comprised 500 trials. Breaks were not permitted, although the task could be terminated early if required. Only one PSP patient (RC) requested early termination of the task, approximately 60% of the way through.
Statistical analyses
Patients' scores on baseline tests were compared to normative data and clinical cut-offs. For the energization tasks, performance of each of the patients was compared to the mean of the healthy control group using a modified t-test (Crawford and Garthwaite, 2002) . Bonferroni corrections were applied where appropriate.
Results
Cognitive and language baseline
3.1.1. PSP patients A summary of all cognitive and language baseline scores is presented in Table 1 . Optimal level of premorbid functioning, based on the NART reading performance, was estimated to be in the high average (RNZ, RC, BL) or average (PW, KN) range. Current intellectual functioning was broadly consistent with this for two PSP patients (BL and KN); however, mild underfunction was evident for RNZ and two patients performed poorly reflecting moderate intellectual decline (PW Performance on tests of executive function revealed some impairments in both response inhibition and initiation, consistent with the pattern often observed in PSP. Impaired inhibition of automatic responses on the Stroop test was evident for all PSP patients except BL (RNZ, RC, PW; KN did not complete this task). Verbal suppression on the Hayling Sentence Completion Test, revealed significantly prolonged response latencies for two patients (RNZ and PW) and mildly slowed response times for RC and BL (KN was average). In terms of Hayling suppression errors, RNZ and PW were similarly impaired and BL was poor. By contrast, RC and KN performed in the moderate average and high average ranges, respectively. The Hayling verbal initiation response times were less affected than suppression scores as RNZ was poor, RC was low average and the other three PSP patients obtained average scores (PW, BL, KN).
Auditory-verbal attention and working memory performance was relatively intact (Average: RNZ, BL, KN; Low Average: PW, RC). Although three PSP patients performed within normal limits on tasks of sustained and selective auditory attention (PW, BL, KN), two PSP patients obtained abnormal scores (RNZ, RC. NB: RNZ was unable to complete the selective auditory attention task). On a divided attention task given to three PSP patients, BL performed in the average range although both RNZ and PW were moderately impaired. All PSP patients had normal visuospatial perception.
Naming and single word comprehension abilities were within the normal range for three PSP patients (RNZ, BL, KN) and moderately reduced for RC, albeit above the clinical 5th percentile cut-off. One patient (PW) was moderately impaired for naming but single word comprehension was low average. Sentence repetition was unremarkable apart from KN's performance that was mildly impaired.
Overall, the PSP patients showed variability in their cognitive profiles that were predominantly characterised by some degree of executive and attention difficulties on a background of average/high average estimated premorbid abilities. Current intellectual abilities ranged from being intact for three PSP patients to moderately impaired for the other two, and language skills were broadly preserved. RNZ and RC reported mild symptoms of depression, and PW reported mild symptoms of anxiety.
Patient controls
A summary of cognitive and language baseline scores for the patient controls is provided in Table 1 . All patient controls were estimated to have average or above average premorbid IQs based on education and occupation. It is likely that the FTD patients' NART-derived IQs underestimated their true scores as surface dyslexia is a well-documented feature of semantic dementia (Patterson and Hodges, 1992; Patterson et al., 2006) . Intellectual decline was evident for four of the five patient controls (AD1, AD2, AD3, FTD2). Similar to the PSP patients, the AD and FTD patients generally showed some degree of impairment in executive functioning on the Stroop and Hayling tests. All patients with AD obtained abnormal sustained auditory attention scores, and selective auditory attention was reduced for all patient controls. Auditoryverbal attention and working memory was relatively intact. Visuospatial perception was normal for all patient controls except for AD2, which is consistent with the visuospatial presentation of AD (McKhann et al., 2011) . With regard to core language skills, all patient controls demonstrated flawless sentence repetition. One AD patient (AD2) was moderately impaired in picture naming, but improved significantly when naming from verbal description. Consistent with a degradation of semantic knowledge, which is the core feature of semantic dementia, both FTD patients demonstrated severe naming impairments. Comprehension of concrete words was reduced for AD2 and FTD1. In terms of mood symptoms, only AD1 reported symptoms of anxiety.
Energization investigation 3.2.1. Fluency tasks
On the phonemic fluency task, none of the PSP patients generated significantly fewer items overall than healthy controls in 60 s, although on the semantic fluency task two PSP patients' totals (RC, KN) were significantly lower than controls (p = .011 and .030, respectively). In order to best capture the process of energization, the total items generated on each of the word fluency tasks in 60 s was separated into the number generated in the first 15 s and the last 45 s. Previously, patients with energization deficits were found to generate a greatly reduced proportion of items in the last 45 s, compared to the first 15. Thus, ratios were calculated so that the number of words produced in the last 45 s was expressed as a proportion of the total in 60 s (see Table 2 ).
On the phonemic word fluency task, the proportion of words generated in the last 45 s by the five PSP patients did not significantly differ from healthy controls, all p > .05. Likewise, the five patient controls did not differ from healthy controls in the proportion of items generated in the last 45 s, all p > .05.
However, on the semantic word fluency task, RNZ, PW and RC all produced a significantly lower proportion of items in the last 45 s (p = .015, .008 and < .001, respectively). Indeed, RNZ, PW and RC all Note. Compared to healthy control group using modified t-test (Crawford and Garthwaite, 2002 ). * p < .05; ** p < .01; *** p < .001. WAL's Picture Description data included for comparison purposes, see Robinson et al. (2015) . nt = not tested. na = data could not be analysed.
produced fewer items in the last 45 s than the first 15 s (first 15 vs. last 45; RNZ: 8 vs. 5; PW: 7 vs. 4; RC: 5 vs. 2); notably, all except one of the 30 controls showed the opposite pattern, generating a higher number of items in the last 45 s than the first 15 s. BL and KN did not show the same pattern as the other PSP patients on the semantic fluency task. However, close inspection of the raw data revealed that BL produced eight items in the first 30 s and only three items in the second half minute, and KN also generated eight items in the first 30 s and only two items after that. BL and KN both had stutters that impaired their initiation of speech, so it is possible that the number of items produced in the first 15 s was reduced due to the stutter delaying initiation, and therefore the ratio did not capture the energization decline. The fact that they both produced eight items in the first half minute, compared with two or three in the second half, hints at a pattern of decline indicative of an energization deficit. Successful performance on semantic fluency tasks relies on intact semantic cognition, which recruits processes supported by the temporal lobes (e.g., Rohrer et al., 1999) . The degradation of semantic knowledge is considered the core impairment in the semantic variant of FTD (e.g., Hodges et al., 1992a ). In the current study both FTD patient controls produced only five or fewer items on the semantic fluency task, of which several responses were inappropriate (e.g., 'seafood'). This precludes any meaningful analysis of energization using the semantic fluency task, as it is likely that the FTD patients' results are confounded by semantic impairments. Similarly, deficits in semantic memory and semantic fluency are documented in AD (e.g., Hodges et al., 1992b) . AD3 was significantly reduced in the total number of items generated (p = .017), and also produced a lower proportion of items in the last 45 s relative to healthy controls (p = .027). It is possible that semantic memory impairments contributed to her poor performance. AD1 and AD2 did not produce proportionally fewer items in the last 45 s of the semantic fluency task (both p > .05).
3.2.2. Spontaneous speech tasks 3.2.2.1. Picture description. In order to best capture the process of energization, the total number of narrative words produced in 60 s was divided into the first 15 and the last 45 s. To account for the PSP patients producing less speech overall than healthy controls, ratios were calculated, so that the number of words produced in the last 45 s were expressed as a proportion of the total words (Last 45/Total). Four of the PSP patients (RNZ, PW, RC, KN) produced a significantly lower proportion of speech in the last 45 s than healthy controls (RNZ, PW, RC p < .001; KN p = .001) (see Table 2 ). However, similar to the fluency tasks, BL did not differ significantly from controls in the proportion of speech produced in the last 45 s, p > .05.
1 By contrast, although there was a reduction in overall spontaneous speech output for FTD2 (p < .001) and AD3 (p = .027), none of the patient controls produced a lower proportion of speech in the last 45 s, all p > .05 (see Table 2 ). To further characterise the spontaneous speech patterns of the four PSP patients who demonstrated the reduction in output in the last 45 s, the raw number of words produced within each 15 s interval was compared to the healthy control group (see Fig. 2a and Appendix A). These analyses were Bonferroni corrected for four comparisons, to reflect the four time points in the task (0.05/4 = 0.013). Interestingly, when the 60 s samples were divided into four time points, PW and RC did not produce significantly fewer words than healthy controls in the first 15 s (0-15 s) and the final 15 s (45-60 s); however, both produced significantly fewer words from 15 s to 30 s (PW: p < .001; RC: p = .002). Between 30 and 45 s, PW continued to produce significantly fewer words than healthy controls (p = .004), but RC's word production had increased again by this point so she was no longer significantly below healthy controls. For both PW and RC, this resembles a "trough" in energization, which may be indicative of fluctuations over time. RNZ's decline in speech over the 60 s was less steep than PW and RC; comparison with healthy controls revealed that he did not produce significantly fewer words from zero to 45 s, but was reduced from 45 to 60 s (p = .009) (see Fig. 2a ). KN's pattern was qualitatively similar to that of RNZ, although KN was more severely reduced in speech output (all time points reduced relative to controls, p = .003, .004, .004, .009, respectively). Of 34 words produced by KN over 60 s, 28 words were produced in the first 30 s and only six after that.
3.2.2.2. Self-generated narrative. As was done for the picture description speech samples, the number of narrative words produced in the last 45 s for the "favourite holiday" task was calculated, and expressed as a proportion of the total words. PW and KN showed the same pattern as in the picture description task, whereby they produced a significantly lower proportion of speech in the last 45 s, compared to controls (p < .001 and p = .007, respectively). However, RNZ and RC did not show the same last 45 s proportional difference in this task (all p > .05). Again, BL did not differ significantly from controls on any measure of speech quantity. Similar to the picture description task, two control patients were reduced in overall spontaneous speech output compared to healthy controls (AD2: p = .024; AD3: p = .027). Critically, however, none of the patient controls produced a lower proportion of speech in the last 45 s, all p > .05 (see Table 2 ).
As per the picture description task, the raw number of words produced during each 15-s interval was compared between PSP patients who showed a reduction in the last 45 s and healthy controls (see Fig. 2b and Appendix A). Again, the results were Bonferroni corrected for four time points (0.05/4 = 0.013). Comparison with healthy controls revealed that PW did not produce significantly fewer words in the first 15 s, but did in the other three blocks (p = .005, .012, .001, respectively). RNZ produced significantly fewer words than controls in the final 15 s only (p = .008); a decline similar to his performance on the picture description task. Visual inspection of the data revealed that RC produced fewer words only in the time period between 30 and 45 s, which again appears to demonstrate the same energization "trough" observed in the picture description task (see Fig. 2b ). However, the reduction in words between 30 and 45 s for RC did not remain significant following Bonferroni correction (p = .015). KN produced significantly fewer words than controls across between 30 and 60 s (30-45 s: p = .002, 45-60 s: p = .002), thus demonstrating an energization pattern similar to the picture description task. KN produced 100% of his words in the first 30 s of this task.
Concentrate task
Overall, PSP patients RNZ, PW and RC had slower mean response times (RT) than healthy controls (p < .001, .016, < .001, respectively). BL was not significantly slower than controls overall (p > .05). Two of the patient controls (AD2, FTD2) were significantly slower than healthy controls overall, both p < .001. However, for the purpose of investigating the process of energization, the 500 trials were separated into ten blocks of 50 trials. All subsequent analyses for the Concentrate task were Bonferroni corrected for ten comparisons (0.05/10 = 0.005). Fig. 3 shows the RTs across the task divided into ten blocks for each PSP patient, each control patient, and the mean of the healthy controls. For the purpose of clarity, each PSP patient's performance on the Concentrate task will be discussed individually. KN did not complete this task.
3.2.3.1. RNZ. RNZ showed clear fluctuations across the task. In the first 100 trials (blocks 1 and 2) RNZ was not significantly slower than healthy controls (both p > .005); however, the mean RTs for blocks 3 and 4 were significantly slower (both p < .001). In block 5, RNZ did not differ from healthy controls (p > .005), but in blocks 6 and 7 his RTs were significantly slower again (both p < .001). In block 8 his RTs were again not significantly different to controls (p > .005), but he slowed down significantly in block 9 (p < .001). In the final 50 trials was no slower than controls (p > .005).
3.2.3.2. PW. PW showed a pattern identical to that of RNZ in the first half of the task. In the first two blocks (first 100 trials) her mean RTs were not significantly different from that of controls (both p > .005). Like RNZ, in blocks 3 and 4 PW was significantly slower than controls (both p < .001). By block 5, her mean RT was no slower than controls again (p > .005). However, unlike RNZ, PW maintained performance that was not significantly different from controls across the second half of the task (blocks 6-10).
3.2.3.3. RC. RC was markedly slower than healthy controls and other PSP patients from the beginning of the task. Indeed, her mean RTs were slower than controls across all ten blocks, all p < .001. However, inspection of the raw RTs revealed that she managed to maintain a consistent rate of responding for the first two blocks (first 100 trials), and then her performance slowed markedly over the next two blocks (blocks 3 and 4). This is the same trajectory shown by RNZ and PW. Interestingly, she showed slightly faster RTs at block 5, which is the same point that RNZ and PW returned to their initial rate of responding. However, RC never returned to her baseline rate of responding, and required the early termination of the task after block six.
3.2.3.4. BL. The mean RTs for BL did not differ significantly from controls in any of the ten blocks (all p > .005).
3.2.3.5. Patient controls. Across all ten blocks of the Concentrate task, the RTs of three patient controls (AD1, AD3, FTD1) did not differ from healthy controls at any time point, all p > .05. Two patient controls (AD2, FTD2) were significantly slower than healthy controls at every time point of the Concentrate task, all p < .002. Visual inspection of the data (see Fig. 3 ) indicates that AD and FTD patients did not show the same pattern of slowing over time as the PSP patients; rather, their RTs remained stable across the duration of the task, or became faster.
Discussion
This is the first study to investigate the specific attentional process of energization in a series of patients with PSP. Furthermore, this is the first study to document evidence of a link between energization and spontaneous speech in patients with PSP, who do not necessarily have dynamic aphasia. Four of the five patients reported in the current study showed an energization impairment, similar to that of WAL, although not as severe. 
Energization tasks: PSP patient performance
Across the experimental tasks, the most striking pattern of energization was that the initial period of responding was followed by period of relatively poorer performance (i.e., a "drop-off"). RNZ's performance on semantic fluency was highly characteristic of an energization deficit. Consistent with the dynamic aphasia patient WAL and patients with superior medial lesions , RNZ produced more items between 0 and 15 s than the rest of the minute altogether. In the both spontaneous speech tasks he demonstrated a steep decrease in the number of words produced over 60 s; in the final 15 s of the picture description task he produced zero words, and in the self-generated narrative task he produced only nine. RNZ's performance on the first four blocks of the Concentrate task showed the same pattern: RTs slowed significantly after a period of satisfactory performance.
Like RNZ, PW showed the characteristic energization pattern on the semantic fluency task, whereby she generated fewer items in the last 45 s seconds than in the initial 15 s. On both spontaneous speech tasks, PW's production decreased earlier than RNZ's (i.e., by the 15-30 s time point). Similarly, her performance on the Concentrate task showed the characteristic decrease in performance after the initial response period.
Despite being reduced in her overall output, RC's performance on the semantic fluency task showed the characteristic energization pattern as described above. On both spontaneous speech tasks, RC demonstrated reduced performance after the initial response period. Although RC was markedly slower than the other PSP patients from the beginning of the Concentrate task, she too showed an initial period of stability in responding, followed by a steep decrease in performance. Notably, patient control AD2 had a comparable mean RT on the Concentrate task, but did not show the same performance decrease (see Fig. 3 ).
Similar to RC, KN was significantly reduced in overall output on the semantic fluency task but still demonstrated the same pattern of energization as the other PSP patients. Likewise, KN's overall spontaneous speech rate was lower than the other PSP patients and this reduction was evident from the beginning of the tasks. Regardless, he demonstrated a pattern of energization similar to RNZ in that his performance decrease was steep and linear: 82% of his speech on the picture description task was produced in the first 30 s and 100% of his self-generated narrative speech was produced in the first 30 s. Importantly, KN's spontaneous speech rate was similar to patient control FTD2, but FTD2 maintained consistent output over time. KN did not complete the Concentrate task.
Finally, BL did not show the same pattern, as her performance did not differ from controls across any of the energization tasks. It is important to note that she was younger than the other PSP patients and had only recently retired; she had a more recent diagnosis and was at a relatively early stage in the disease process. Although her cognitive profile did show evidence of some mild impairments consistent with that observed in PSP, such as executive difficulties, her overall level of cognitive functioning was high (see Table 1 ).
On the whole, our results bear a striking resemblance to energization findings in superior medial frontal patients reported by Picton et al. (2006) and Shallice et al. (2008a) . On a task that required subjects to tap at the same time as an auditory stimulus at a 1.5 s rate, Picton et al. (2006) found that patients with superior medial frontal lesions were the only patient group to perform worse in the second block of 50 trials. Shallice et al. (2008a) reported a similar effect in a task requiring counting trains of tones; superior medial patients did not perform worse on longer trains compared to shorter trains until the second block, when performance markedly deteriorated. 
Cognitive baseline and energization
Although we included three experimental tasks for the specific purpose of investigating energization, several of the neuropsychological baseline tests likely also draw on this process. For example, slowed performance on the Stroop task has been attributed to energization deficits in previous studies, specifically in superior medial frontal patients (e.g., Stuss et al., 2001 Stuss et al., , 2005 Stuss and Alexander, 2007) . Three of the four PSP patients (RNZ, PW and RC) performed significantly below controls, and indeed below the 5th percentile. However, BL correctly read over 30% more words than the second highest performer (PW) in the two-minute time limit. BL did not show the same pattern of energization on the experimental tasks as the other PSP patients, and it is possible that this is also reflected in the Stroop task. Likewise, it is plausible that energization may be involved in the Advanced Progressive Matrices task, as the individual solves several 'puzzles' of increasing complexity; sustained activation is required as each puzzle takes a period of time to solve. In addition, this task is sensitive to frontal dysfunction (Waltz et al., 1999) . Two PSP patients who showed energization deficits on the experimental tasks (PW and RC) were impaired on the Matrices, while BL performed the best. Finally, on the TEA Elevator Counting task, two PSP patients who showed energization deficits (RNZ and RC) had sustained attention impairments at a clinical level. Sustained attention is a construct closely related to energization (e.g., MacPherson et al., 2010) . Again, this fits with the PSP patients' energization pattern. Note that although PW, KN, and BL performed at ceiling, the Elevator Counting task has a low ceiling and lacks sensitivity (Chan et al., 2006) .
Fluency tasks
With regard to phonemic fluency, none of the PSP patients significantly differed from controls in the proportion of items generated in the last 45 s. This is dissimilar to the pattern of WAL. However, previous research has identified that phonemic fluency tasks place greater demands on specific selection mechanisms, and that the left inferior frontal gyrus (LIFG) is critical for selection (Robinson et al., 2010 (Robinson et al., , 2012 . Reports of dynamic aphasia in PSP indicate that the selection mechanisms hosted by the LIFG generally remain intact (e.g., Robinson et al., 2006) . By contrast, four of the five PSP patients produced proportionally fewer items in the last 45 s of the semantic fluency task relative to healthy controls, which is consistent with deficits in energization . One patient control (AD3) was also reduced, in line with documented semantic fluency deficits in AD (e.g., . As semantic fluency draws on both frontal (e.g., executive) and temporal (e.g., semantic) lobe processes (e.g., , it is difficult to disentangle energization from other processes such as semantic memory. We suggest that fluency tasks may not be ideal measures by which to investigate energization in neurodegenerative populations. Rather, spontaneous speech and experimental tasks that limit the influence of extraneous factors, such as the Concentrate task, may illustrate energization patterns more clearly and accurately.
Spontaneous speech and energization
Although RNZ, PW, RC and KN did have reduced spontaneous speech output, on the whole their reductions were not profound enough to be considered dynamic aphasia. The interesting pattern noted in the spontaneous speech of RNZ, PW and RC was that their speech rate in the first 15 s was not significantly reduced compared to healthy controls, but the proportion of speech generated in the last 45 s was generally reduced. Despite being more severely reduced overall, KN showed a similar pattern. This "drop-off" pattern is mirrored in the first four blocks of the Concentrate task, whereby there is a noticeable slowing of RTs for PSP patients. However, there is no evidence of a "drop-off" pattern in the spontaneous speech output or Concentrate RTs for the healthy controls nor the AD and FTD patient controls (see Figs. 2 and  3) . We propose that the decline in the speech rate of PSP patients RNZ, PW, RC and KN over the 60 s reflects an energization decrease. Connected speech production requires the internal generation of multiple ideas; energization is a critical process here as it is necessary to activate or initiate operations when external inputs are minimal (Shallice and Cipolotti, 2018) . When the energization impairment becomes severe enough, patients may begin to show signs of dynamic aphasia.
In terms of maintaining speech output over time, the PSP patients generally performed better on the self-generated narrative "favourite holiday" task than the picture description task. RNZ's sharp decline in speech rate did not occur until the last 15 s in the "favourite holiday" task, and RC maintained a higher speech rate throughout. Although the picture provided cues that were not available in the self-generated narrative task, it is worth noting that picture description tasks place high demands on sequencing mechanisms, which might contribute to the speech rate decline (Law et al., 2015) . Furthermore, the nature of the "favourite holiday" task might provide more intrinsic motivation, which may boost energization and result in a higher speech rate (Robinson et al., 2006) .
"Re-energization"
An interesting pattern that may resemble a process of "re-energization" was noted in the performance of some PSP patients. For example, after the initial decrease, the spontaneous speech output of PW and RC did not appear to deteriorate further on the picture description task (see also RC on "best holiday" task). Likewise, inspection of the raw Concentrate task data suggested an improvement in energization after the initial decrease for RNZ and PW. These findings tentatively suggest that although they may not be able to maintain consistent energization over long periods, some PSP patients may show a capacity for "re-energization". This has not been documented in patients with superior medial frontal lesions; however, it is possible that energization deficits may present slightly differently in PSP. In PSP, the superior medial areas may be implicated via frontostriatal connections, stemming from a dysfunction of the basal ganglia (Obeso et al., 2014) . Therefore, it is possible that disturbances of the basal ganglia -prefrontal cortex circuits underpin the potential energization "fluctuations", and this faulty "circuitry" may produce a somewhat different pattern of energization compared to when the critical area is lesioned.
Energization or general impairment?
Finally, it is important to distinguish energization from arousal, a global 'slowness', or general cognitive impairment. Stuss and Alexander (2007) reported that there was no correlation or interaction between slowness and reported sleepiness or motivation level. In the current study it is possible that fatigue played a role; however, with fatigue we would expect a steady decline in performance. Likewise, if the PSP patients demonstrated a global slowing we would expect slowed performance throughout, rather than the "drop-off" pattern. Moreover, the Hayling initiation RT scaled score (see Table 1 ) provides a baseline measure of initiation speed. None of the PSP patients scored below the 5th percentile on Hayling initiation RT. This provides evidence that they were not simply slow to respond, nor slow for verbal initiation in particular, but only when responding needed to be sustained over time. The inclusion of the patient controls suggests that the pattern of responding demonstrated by the PSP patients cannot be attributed to a general cognitive impairment, as the patient controls showed a degree of intellectual and executive decline that was equal to, if not greater than, the PSP patients. With regard to apathy, we briefly discussed the likeness between "auto-activation deficits" (Levy and Dubois, 2006) and impairments of energization. However, it will be critical for future research to investigate the relationship between other manifestations of apathy (e.g., cognitive, emotional) and the process of energization in the context of PSP, particularly as apathy is a known consequence of disruptions to the basal ganglia -prefrontal cortex circuits (Levy and Dubois, 2006) .
Theoretical and clinical implications
The current findings have implications for theoretical models of spoken language production. Although all PSP patients had preserved core language functions, analysis of spontaneous speech output revealed an initially normal speech rate that reduced over time for four of the five patients. This mirrored their performance on the semantic word fluency task, and the initial response period of the Concentrate task. Therefore, we suggest that energization plays a role in spontaneous speech production as sustained internal activation is required to maintain the generation of multiple ideas over time, allowing for the successful production of a narrative. The preverbal "conceptualisation" stage in models of spoken language production is the point at which ideas are generated, drawing on broad domain-general cognitive and attentional processes (e.g., Levelt, 1999; Robinson et al., 2006; Sherratt, 2007) . However, the stage of conceptualisation remains poorly defined. We postulate that energization is one process that is critical for spoken language production.
The current results also have clinical implications. Burrell et al. (2018) suggested that adynamic speech is observed so consistently in PSP that it should be investigated as a potential clinical biomarker. Adynamic speech, which presents as dynamic aphasia when severe, may be underpinned by deficient energization. Indeed, in the current study, the pattern of energization observed in four PSP patients is evident before spontaneous speech output becomes so severely reduced that it is considered dynamic aphasia. Perhaps attentional training programs could be beneficial in the early stages of the disease to maintain these abilities; preserved attention skills may have benefits that carry over into the spoken language domain. Indeed, sustained attention training may be of particular benefit to spontaneous speech in PSP. If reduced language output is underpinned by deficient energization, which leads to a paucity in novel idea generation, training an individual to sustain attention to a goal (e.g., production of a narrative) may assist in improving the internal cognitive activation that is a prerequisite for the generation of ideas.
Conclusion
Overall, we have demonstrated in a case series that PSP patients show a pattern of energization that is similar to -albeit not as severe asthe previously reported dynamic aphasia case of WAL and patients with superior medial frontal lesions Picton et al., 2006; Shallice et al., 2008a) . However, the current patients are unlike the superior medial frontal group in that they may, at times, demonstrate some capacity for internal "re-energization". A capacity for "re-energization" has not yet been documented in any patient population, and may or may not be specific to PSP. Ideally, future research should continue investigating energization and other high-level attentional process in PSP at different points in the course of the disease, as well as in other neurodegenerative disorders that show language production deficits, such as Huntington's disease. Note. Compared to healthy controls using modified t-test (Crawford and Garthwaite, 2002) . Healthy control group N = 30. * p < .05; ** p < .01; *** p < .001. Only comparisons that remained significant following Bonferroni correction are reported. WAL's Picture Description data included for comparison purposes, see Robinson et al. (2015) .
